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Ha«otro£hor»tic Display Employing ttrey 
Scale eamwhjlltv Utilising «BdulajJUf> 

3 

The present invention relates to electrophoretic 
information displays (EPID) in general and more 
partiaularly to apparatus vhiah operates in 
ID conjunction with *n EPID display enabling such * 
display to operata frith g?ay scale capability. 

Bflnkgrcmd 

The prior art is rep let* vitb a number of various 

15 patents and articles concerning- eleotrcjphoretic 
displays, Such- electrophoretic displays have b«en- 
widely described and disolosad in the prior art and 
essentially the assigned herein, Cepytal* lrtc, r of 
Huntington station, Hew Yorft has developed an 

20 electrophoretic display which has an iaags area at 
approximately 11 x 3 1/2 inohsi and is- designed to be 
used either as a separata- display or to b» combined 
with otter displays. Tt& company has the ability to 
oQttbin* as mny as four suoh displays to create larger 

25 area displays* The information on such display* can 
be oha&ged either locally or remotely and can ba 
visaed at an angle of. nearly 180 degrees* a^ch 
display e have been axtreasly big3v resolution and can 
accommodate over .160,000 pixels within &n image area. 

20 of approximately 2.6 inches diagonally. 

in regard to such displays, reference is aada to 
u*s, Patent w>. 4,655,897 issued on April 7, l&a? 

entitled BLECTEOPHCtRETlC DISPLAY PANELa AHD ASSOCIATBD 
HETSOSS to Frank 7. CiSa^to Md Denis A. Kzrusoa and 
3£ assigned to Copytele ino« , ttxe assignee herein. In 



that patent, than Is described an electrophoretio 
display penal which includes- a planar- transparent 
inefcfaar having disposed on the surflaoa a plurality of 
vertical ogndwtive lines- to form a grid of wires in 
the X direction, on top o« taa grid of vortical 
lib**, -there is disposed a plurality of horizontal 
lines which &» positioned shore the vertical lines 
&nd' insulated therefrom by a thin insulating layer at 
each of til* intersection paints, Spaosd above the 
horizontal and vertical line pattern is- a conductive 
plate. The apaoe between the conductive plat* and the 
x and y lie a pattern is* filed with an eleotrc^fraretic 
dispereitti containing* cCiargaahla pigment particles- 
Wh*n a voltage ia impress ©a on th* X and X liaes, 
pigment particiea vnlch are located in the valid or 
depression* between th* 2. and Y pattern are caused to 
migrate towards the conductive plat a and deposited on 
the plat* in aosordatioa with the voltage applied to 
the X and' Y cond%tctor** £h*r* xm daacrihad in that 
patant an electrophoretic dispersion suitable £or 
operation vith the display as vail e» teohni^pies for 
fabricating the display. Knno* r in tfcia Manner the 
displays can be, fabricated to contain large a M active 
display areas while bain? relatival? thin. Eiesa 
displays are capable of high resolution and relatively 
lov power consumption* 

A* indicated, tha above noted patent and other a 
include infonaatieiL oDnoarning tha fabrication , 
operation and resolution of sunh display*. 

As explained in U.S- Patent No.- 4,83 3,464, issued 
on Hay 23, Id 3d and entitled ELECT£0P30£BTXC 
ISFQB«&IXON. DISPIAY (ESID} ASPM&TOS BMPEOYING GREY 
SCAX35 C&FfcBZT.I(Rr to Prank J. DiSaafce, at fll- r it is a 
problem vith such displays to provide grey seal* 



capability. Crey scale capability i* a veil known 
t*r& of tha art and has been utilised for example in 
regard to tha desoription o£ tftlwiiion receivers and 
various other types of data presentation, such as 
f&Offittile and so on, In the oase of television 
receivers, the response of the receiver can be 
visually determined by means of typical test patterns 
suoh as those test patterns, that ware previously 
transmitted and displayed vhon, far example, a 
television, station goes off tha air* various 
television stations fraquantl? transmit such a pattern 
for the convenience df service technicians and so on. 
Tha pattern 'apart frm showing correct linearity , for 
example , also shorn aoweot reproduction of the 
beckgrottnfi shading vhioh ban indicate proper ftaquehoy 
response. The correct reproduction of the five color 
shades in the center target area of the test pattern 
India at ft* proper mid-frequency responses.. 

&s one can ascertain* such test patterns ar* 
associated with grey aoale capability, namely with the 
display of various grey level e as located between 
black white, such grey soala oapability ia e 

desirable feature in conjunction vith any type of 
display. An eleetrophorstic display either presents a 
black or white type of representation of. an image 
which is conveniently referred to as dark or light. 
Basically , the color of the iraga is a function of tha 
color of tha pigment partial** and the color a£ the 
euepBTision that they are suspended in. Tha display 
may be black and- white, yellow and black tod so on. 

There is a vide variety of many potential color 
ooqbinetions which can ha employed in regard to such 
displays. The above-noted U<S, Patent Ko, 4,633,454, 
describes apparatus and techniques- for grey scale 
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operation for an electrophoretio display panel* The 
apparatus inoluaee circuitry whiah operates with a 
tinting generator which pafeduaee. a plurality of 
different ti*e deration output vava fooDs Vhioh are 
applied to the 2 and IT teiv*. as associated with the 
display, X» this mariner, by applying a set of 
voltage* for « given duration twn* interval, a display 
is provided- which result* in the incomplete removal of 
pignent- from associated *eleofc*d pixels* 2tence r fchoee 
pixels appear darker than surrounding pixels, but not 
as darft af- the pur« dya solution an aateooiated with 
th* diaplay^ Stows P the amount of pigment removed and 
henoe ta«- darfcne&* of md£i pixel is a function o£ the. 
time duration during which the appropriate, voltage is 
applied to the rows and column* of the display* The 
timing generator can cause different pixel* a» 
displayed to have different dsrfcne**** or grey scale 
valuta by varying the time during wbich fch* voltage is 
»ppliad to the display* 

Ac will be furthfir explained, grey scale 
operation et different shade* of grey oan also be 
provided on the eleotropnoretic display by m«en* ot 
ana adulation, Area raodulatioh ran be. used to shade 
either tua foreground* the background or both, the 
foreground and the background, such, electrophoretic 
displays-, as other diaplaye, portray information by 
vrltin^ in two different colore or ahadee of the 
color ► !I3»eaj of course,, can be referred to a* felao& 
or tfhite, although many other color combination*- &n 
available aa indicated above. Thus, in an 

electropitoretie- display, the normal bactoground color 
is the color of the pigment used in the display and 
the vrltten oheraeters and graphios are generated by 
•removing pigssnt from the appropriate area** In the 
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ravarse or invars a video mode the pigment is removed 
froia the background while pigment is rmtainad in the 
artu of th© osharaotars or graphics. This is tha sarna 
di««*nc«, for axa&ipla, bsts/een a nagativ* and 
5 positive in photography. As vill b* aaplsinad*, by 
parforaing fitia modulation by writing n pattern of 
♦ithsr black or whit* pis ©Id in ait ha? ths background* 
foreground or both/ permits generation of ahadu off 
gray. It is also understood that afrea TQoiulation oan 
10 be used with any rsiativaly high raaolution display to 
in fact provide a grey scale capability for tJ*e 
display. 

it la therefore an dbjeot of the pmant 
invention to provide an ftiaotraphoretic display having 
IB ?rwy &cala capability. 

It is a further cb^oot of tha present invention 
to provide an eleotrophoretia display apparatus which 
ba& qr*y xcal* capability and which oparatas to 
modulate tha area about each character or the area 
20 within eadh oh&reatar on a display. 

ftjgclogugfi of thai Invan-fcion 

Apparatus for providing gray actio capability for 
an eleotrophoretic information display {EEID) , wherein 
25 said aiaotrophoretia display is an X^Y addressable 
display vith each x-Y ccarflinata indicative of a glvan 
column ettd row interaction, vith each X-Y coordinate 
defining a pixel, vhich pi sal whaa energized provides 
a differ ant intensity display ac compared to a- non- 
30 energizad pixel comprising of asan* coupled to said 
display for impressing upon said display a 
predetermined digital pattern to cause predstarmlned 
pixel* in said display to be energised- vltb respect to 
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ctfrar pinls in said display in asoncdaTifi* with a 
desired gray sml* lavel. 

Brief Descrlpfciom^E- Cha DravinCT 
5 Fig* 1 la a side plan view of an elaotrophorefcic 

display (EPID) employed in this invention; 

Fig. 2 is a perspactiv* plan view of an 
oa«0tTopihcir«tia display panel e&owing a given nuaber 
of grid and cathode lines; 
10 rig. 3 is a graph depicting & character blocfc 

displayed on a conventional blacfc and ^bita display j 

Fig< 4 depicts a character displayed with a 
predetermined area modulated background pattern; 

Fig* 5 shows at ill another area noftulatad 
£5 pattern * 

Pig ♦ £ i« a diagram showing still another 
pattern; 

fig, 7 i» * diagram allotting Still anofchar 

patterns 

SO Fig. 8 is a diagram showing fi» alternate pattern; 

Fig* 9 is a diagnsL ahwinj still another 
alternate pattern; 

Fig, 10 is a diagram of a cbasacter block shoving 
an alternate background pattern * 
25 Fig* 11 i» a diagram of a character block shoving 

an alternate background pattern? 

Fig* la is a schematic diagram partially in blocOt 
form showing a oirwait *or daxivin^ & gray aoale value 
tar an electrophoresis display employing- area 
30 modulation > 

Fig, 13 allows an QEL gat* employed in this 
invention; 

Fig* 14 ahova an AHD gate employed in this 
invention? 



Fig* 15 shove a logic circuit for providing grey 
background or characters? and 

Fig. 16 Jfhotts a logics circuit for pfcoviding the 
character ana background features. 

Bert Mgd^.tor Carrying (Mat She Invention 

Xeferring to Figure 1/ there is shown a aids view 
of a typioa-1 eieotropharwfcio display 1.0. tths display 
10 of Figure 1 is filled with an eleotraphoratie 
aolution 20 which includes light colored pigment 
particle* suspended in & dark dye solution, For 
cKeoiplAE of such solution* and techniques, raf «reno« 
is laade to the above cited U.S* Patent No. 4, 655 ,£97. 

It iff $Iao understood that tha display can 
consist of a dark pigment attapandsd in a light 
solution and so on. Aa aeen from Figure l, the 
display contains a front gla&s street or viewing 
surface 91. Tha eye of the viewer 15 i a shown visaing 
tha front of tlie display via the glass afreet 21* 
superimposed' VQpon tha glass sheet 21 by seaitabl* 
etching techniques are columns i2 and rows 25, Th* 
tews its made from an extremely thin layaor of idiurn- 
tin-oxide {XTq) wit He the columni are made from thin 
layers of aluminum* or other suitable metal- These 
patterns, as indicated, are provided in extremely thin 
ky?r3 and constitata an. XY matrix, the layers of PIO 
as can ha seen by reference to the above-noted patent 
are relativsiy thin being approximately 3O0O Angstroms 
thiok* Tha grid or columns and tha rows or cathodes 
(XY) era spaced from one anothar and insulated frore 
ona another by means or an insulating layer 22* While 
tha grids and cathode* fcave been specified in ta*rox of 
rows and columns, it is understood that tha terms can 
be interchanged as desired ► Each of the grid and 



cathode intersections- ere associated with a pigment 
veil 24. ffliesa well a contain eleotsopheretic solution 
which is In* ths cavity 20. The ooluanna and rowa are 
fceparated from & baofe electrode 26 vhidh. is &leo 
fabricated on a sheet of glass 27 and constitutes a 
thin layer of 170. The spacers suoft; as 12 and 23 can 
&a implemented in many different ways end essentially 
gaxv& to medhanically saparate the display or panel 
10. it) operation of the display,, the pigment 
p&rtJjQl** contained in th* edectrophoretio volution 20 
are brought forward toward? the. viewing *urfaoa in 
ardsr to fill the valla formed batman the rows end 
column* t* Oaca a veil such » 24 i* filled, the 
voltage on thac tows and column* and rear cover is than 
est, jpudh. tha£ the wells remain filled, but pigment 
spaced ^^tansn the rear cover end the coiuan* ere 
swept onto the rear cover plat* 26. At viewing side 
21, czu *eea the color of the pigment in th*. veils. 
By selectively applying voltages to the rows and 
aoliaums, the pigment in the individual wells 24 (at 
the interaction of the row* and column* selected} is 
forced out; of th« walls exposing the dye solution and 
asking that intersection (pixel) dark. The removal of 
the pigment from the mils i* sot instantaneous but 
requires a eariod of time which depends upon the 
d±m*»eion of the call or display, the fluid 
components, and the various supply voltages . The 
above-noted u.s* latent No* 4 ,633,. 4 €4 discusses the 
control of the voltages end the duration of the ease 
to control grey scale operation * She techniques for 
performing area modulation in conjunction with an 
slectrophoretio display will be described in details 

Referring to- *igur» 2 , there is shosm a plan view 
of an enlarged representation of an aieotrcpheretic 



display cell or panel aoasralngi to Fi^at* l* Ae seen 
in figure 2, each wall is accommodated betwen an 
intersection of a aeiunii metal layer 3$, which is 
inaulativsly separated Praia 9 row layer off ITC 33 > 
The well 24 forms a pixel area uhloh I* indicative of 
an XY intersection of the ZTO display. Thus, as 021* 
will underatand,* the object a£ the present invention 
is to. provide $rmy sails capability end this grey 
tfaal* capability is perfqrrroefl in a high resolution 
evlaefcrophoretie display. It iff noted that the 
resolution of the display has to be high to 
accommodate area modulation and derive the particular 
aspects and benefits of thie technique. 

Referring to Figure 3, there is ehesm a. 
represehtatj.cn of the letter E as for example! 
displayed on a conventional electrcphoretio display, 
in regard to the following; discussion, it vill be 
indicated that the staters of the elecferophotetio 
display, for example ad tfhown in Figure 3, are black 
and uftits . rt is understood thst the letter B vill be 
visible if the pixels were darker than the backgrounds 

as indicated above., area modulation is 
eofrocipiiehed by writing a pattern off either blaok or 
white pels in either the background, the foreground or 
both. Th» high resolution provided by an 

elect rophoretic display permits the use of area 
modulation to generate shades at grey. Area 
modulation can be employed, with any relatively high- 
resolution display. Appearance of the' grey soale due 
to erea modulation is a physiological consequence o£ 
the resolution of the huuen eye. The effect, is 
obtained vhen the angle suspended by the black and 
vhite pels as seen by the viewer, approaches the 
resolution of the human eye. in a typical 



*l«cfcrophorftfcio display as provided by the assignee 
herein, Copyt«L«t inc., a resolution of 300 line a per 
Inch In both the horis&ntal and vortical directions 1$ 

avaiiabl** 

•Biie resolution is ideal far producing gtty scale 
by swans* of area modulation.. On an electrnpharatlo 
display with tb±P rwolution, characters- mvm written 
using a character bloote of 16 pixel? horisontsliy and 
a* pixele vertically. A* aeen in frigura 3, both the 
noriaofcCal and vertical diracrtiona are inffioatad by 
inAauM of gradations as 3D and' 11. These gradations 
enodapaai! an ana vhich ia indicative of a pixel. 
Hence, as one can saa, there are essentially 16 bottea 
oar pixsla representing the top lint in the image* an& 
32 depicted in Figaro 3. 9hi», again referring to 
Figar» 3 r it id indicated that with -thm eiow-tioted 
ra»DliitiDa of 200 linae per inch in berth, the 
horizontal and vertical directions/ character blocks 
consisting* of if pixels or pels horizontally end 24 
pels vertically ara typical. This character bioox 
yisld* a display with 26 lines of 90 characters each 
on a display whose distentions ars. approximately 6* + x 
a. 2 inches. fchue* as on* can. ascertain from Figure 3, 
thsra ia shown, the character B which, is represented in 
blacfc: on a relatively vhite backgrounds it ia, of 
ooum^ und«r stood that the inverse of t&i* image 
could also* be- provided by the elactrophoretio display, 

Bsf^rring to Figure 4, ther« ia a^ain shown tha 
character £ within ths onaraotar block z2 having a so 
paxc«bt gray background. Sseentialiy, ttft character S 
ia the same as- shown in Figure 3 bat. the background 
consist* of alternate pixels of black. rod whit* as oan 
be. seen-, for exampl*, fren. Figure* 4, Across the top 
line 40, the 15 pixels are indicative of white,, black, 
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ufeit*, black and so on. On linm 41, the pattern ia 
bleak, white, blaok, vhit* and so on. Thie pattewi 
th»n continues ta alternate down and across the 
display so that lb alternates as to- the lfi horiaontal 
pixels end the 24 vertical pixel*. Hie background 
appears grey whan the image is viawad at a distance 
trhere the individual pels sre unreaoivad* Because of 
this property, the nuribar of tfaray shades obtainable 
v-ia area modulation i* again a function of the 
displays resolution, the size of the character and 
the viewing diatanqa. A* one oen ascertain, th* 
background area la rcodulatTBd accordingly to produce 
pattern** which have grey sea la capability due to the 
nature of the modulation technique. 

Referring to Figure 5, there iff shown th* 
character block which now possesses a%t area acdulatsd 
background which is S3. 2 5 p«ro«nt black. This ifc 
obtained by formulating eaoto, horizontal line within 
the character block, all vithin the airplay area by 
meant* of a particular Hase sod*, &e seen in Pigura 3, 
line so is indicative of tha Hex coda S2 where black 
ie equal to binary cna and white is equal to binary Q. 
Baaad on the display format shown in Figure 3, in 
order to obtain a background whtah hie 93.25 parae&t 
bl*Ok, one btsduletee tha display lines aa follows* 
Tha first line 50 as aaan is BBBWBBBWBBBffBBStt (Hex 
EE) . The next three line* 51, 52, and S3- ail 
blaok ax all B (Hex ff> , Qie fourth line is 
BWBBEtfBBBWBBBWBB (Hex BB) . At the right of eaoh line, 
thera is shown the Sex coda for the line, hm one can 
aea from the Hex code notation r it is a repetitive 
pattern vhlctz apenifies tha display baokground as in 
Figure 0 to obtain a background which is 93.it parcent 
blaok. The line patrarn for the display of Figura 5 
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is BEX, KB, FF, FF, FF, M, FF f FF f FF and rap*ats for 
the 24 

E*fferri2uj to Figure ff, then i* shown an area 
modulated background or character block which is 87 «S 
percent black* Th« K«x line valua* «■ shown at th* 
ri^ht hand sida to danofca. the repetitive pe-ttam., As 
on* can su from Figure lira 61 la BWBBBWBBBWBBBWBB 
ifiiioii 1» Hex coda BB* Lina 62 is all black Which is 
Kmc FF. Ltirutt 63 i© bbbvjbbewbeewbbept which is fc«c code 
EE'. Lin* «4 la &11 black' a* Hsx code ff 1 . 

R»*«rxrintf to Figura ths** is shown an arm* 
modulate** background pattern which ia &2,5 peroant 
black- Ehs Eiaac code is «hcren at th*. rignt and Is a 
relatively simpi* repeating coda with th* first l±n* 
70 being KBBBHBSBWBBBTCBBB or Sax 77- Lin* 71 is 
BBWBBEWBEBWBBBtfB- which is H4X CD and then thfi p&ttam 
repots e* Box 77 f DD, 77, DD, 77, DD.. . .etc, 

averring to Figura 8, there is shawm a pattern 
whioh Isr 50 percent blank and h&a a ©lapl* wpwt aa 
lin« so i» BTOWBWBflV., «to- Lia* 81 i& WOTBttB *fco. 
tihlcft r*«p»Dtiv*ly danotas th* H«x cad* of AA and 55 P 
which cod* rmps&ts for tho 74 lin*s> 

S*fsx*ins to Figara 9, tha» i* ahctm an arsa 
modulated display or character block whiah Lm 37 »S 
pvrcnnt black. £he Ba* coda i£ shown on the right as 
line. 9<y is H«t code AA a? for axsstpis indicative of 
lin« 80 of Figura 9, whii« line 91 is tfax cods 44 
which i* TOWWHBWffTOWffWBrow. Lin» 92 ia th* sane aa 
lino 90 (AA.) while lino ft* is H«ac oca* 11 or 
mggawWff^iWtfWBffW W B . The code than altsmatas as seen In 
Figure 9- 

Rftferriiig to Figuna 10, it depicts a character 
bloofc or display having- 25 paraant black bacOcgroujiA, 
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«i« iiex ccd« is shown Oii th* right hand aide for aaoh 

tef erring to Figure ill it shows a display or 
charaafcar fclock, fcha Has cod* again at tha right 
exhibiting a 12.4 parcant blaok background. a* cms 
can ascertain, tha abovs-notad figaras eaaantiallj 
depict, a is diltfaront pattern^ which *ix pattarns will 
yiald fewen diffaranfc abada& ©£ grey vfean viawad at 
items! viewing- distanoa on a 3QQ x 200 lin* par inch 
•lactroplioratio display. Thase patterns coupled with 
blaok and white yi*ld a system vith nine ahad« . nf ' 
gray. Howaror, in practice/ * bapfcgtound of 12. 5 
paroent black a&n ooiittad as exhibiting a- small 
difference from vhits* Tha pattern* a* one oan taaily 
aaoartain, whictt are diatinot are shorn in. Figures fi- 
ll. Thas* figuras rapresent various patterns vhicto 
yield dif f srant ahadaa of gray vhan viswad at a normal 
viewing dlat^nos on a 30G « aao lina per inofc 
ai^etrophotatie display* 

Tha syatafft as shown with a 2O0 Una resolution 
inoluding- felaok end white can produce eight different 
etfao-tive ahadaa of gray. Tha pattsrnfe used to 
sahieve ar« modulation in a character typa or 
graphic* type display when tha graphics srs foarmad 
using special characrfcera imat be a faqtor o£ th« 
□haracter blocfc. For sxanple, in « display using a . 
rtiazaoter bloak which is 16 ptosis vida a&d 24 piseals 
high, tha width o* tho area modulated pat tarn tauat ba 
a faotor (aiviaor) of 34 and tha height of the pattarn 
»wst be a faotor (divisor J of ie. Tha t £gnea* shown 
In tha *bov*-notad appl ica tion , a % infl ioa tad tor 
axanple in Figure 3, at* patterns vhich ara designed 
for a IS sr &4 p$l character bloofe* 2h«t figursa ahow 
patterns whiqh have increasingly mora whita {las* 
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gray), ha%«var, tha aotual gray ahada -that the human 
ay* p**aaivas i* dapandent upon many f eotora inolttding 
display typ*' anibient lighting, oolor aw* otfcwr 
ffaotoarB. It may b& naoaaaary to have unagual 
5 inerai&anta in th* paroantag** of black and tfhita in 
auacaBsiva pattern* to ganermta acal** whitffli ara 
subjaoti-rely TBore and nor* grey- 

<Ehera are many techniques a* otte. can imagine tor 
aoraatmoaating area modulation whioh can be i^ianantad 
ID sinrply by uaiag ragistar* and appropriate gating 
aiadulaau 

Biaplays using efcadas *£ grey raijuira tiiat an 
attriiutt which dmoribaa tha inage foraground and 
background colors ba dartgnad ffor *a£h character, £he 

15 attribute langth depends on tha total nustoar 

difSerant color combination* raquirad* Tor exampl*r 
if only a»a intannadlat* shad* of grey i* raguired 
**t»a«n blaofe and vhite than thera ar*c only *ix 
copbinatic«o of foraground/baclcground eolcwa- HJhese 
six stafcaa- are moat readily encoded tiaing 4 bit*- Sit 
0 and l epacify tha foreground color whil* bits a and 
3 d«£ine tba background aelor« in typical display 
sysrtams', a byta is devote* to tha attribute *v«n 
themtfh not all 64 states definable by s bits ara uaed. 

aa Th« implementation of such a aystem- can ba dona in a 
varijaty of ways. 

Biiapl* iteplerrantation for generating a gray 
background 1» to CR t&a- pel data and tha aaiaoiad AM 
pattarn (Black - binary l and ifaita « binary 0} * Jhia 

3D can ba dona in real tiro* aa the pel data and th* 
Gtoraot«r data is loadad into shift register* or into 
tJie drive circuitry. in eystanw which usa a pixal 
amory it oan ba dona as tha pel dtrfca ia generated or 
i» loaded into the pixel mamory. To make tha 
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character a or graphics * shad* of grey, th* procedures 
described can ba used except that tne "OR" function is* 
replaced with in "AND" function, in. inverse video , 
the function used tq obtain a grey* background the 
ANJ) function bwtvaan the piasl data and the amplitude 
modulated pattern. to sake the character* gray In 
invars* video, one vould employ the OR function r 

Referring to Figure 12, there is shown * sixwiit 
configuration in bioafc form for an jeieotrophorstio 
display panel 10 which is associated vittv Area 
modulation ae described above. Of course, it ie 
understood* that tha cathodes and. gride- while described 
previously in the xy piano? can be reversed whereby 
the cathode lines can ba arranged in the V plane vitfc 
the grid line* in the X plane or viae versa* as on* 
can. see frost Figure 12, each Y line such as 3D and' 31 
is a*rwiated with suitable drive aonplifiiars 32 and 
33, Where each X line auob as lines 34 and- 35 are 
associated with suitable amplifiers 36 end 37. 'it is 
of course seen in Figure 12, that the dote or Sashes 
between amplifiers 36 and 37 and 32 and 33 are 
employed to indicate a plurality at additional 
individual amplifiers indicative of a large number of 
lines-. In this manner, by applying proper biasing- 
potential e to reepftotiva amplifiers, on* can cause 
pignent particles to migrata at any intersection 
between the X and Y matrix as formed by the associated 
grid and cathode line*. Thus, based on the X and Y 
matrix r one can therefore produce any alphanumeric 
character. For such displays vith a large plurality 
of intersections or pixels, one can provide graphic 
data such aa a television picture and type* c£ other 
diepiays on .the display panel ID* The display which 
is the electrophoretic display is providad vith high 
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resolation baaed on the technique of fabricating line 
pattern an& based on presently available display 
technique** The driver amplifiers 32 and 22 and 36 
and 5? ax* fabricated by typical integrated circuit 
5 technique* and may for example by CMOS- devices, which 
ere well known and meny of vhieh ere available as 
conventional ±At»grated circuits. As indicated., the 
resolution of the electrcpharetio display panel is 
high based on modern integrated circuit techniques and 

io iraluding the- fabrication techniques employed in 
conjunction with such displays. It Is anticipated 
that th» resolution or such displays can be a* high as 
40 , 000 data per square inch- As seen from figure 12, 
the * amplifier suoh a* 32 and 33 are coupled to a !T 

15 address register 41. The address register 41 ie * 
well known component coasi sting of various 
conventional decoding devices including buffer 
register* and so on for the storage of date and 
interfacing- with the various columns, associated with 

30 display 10* Ih a similar tnenner the amplifiers 3* and 
37 have inputs coupled to en address module 40 which 
ie similar to module 41 and operates to provide the 
Hex ' address information for the 37 intersections 
provided by the display* Hsana for addressing an X5T 

23 matrix: Is solved by ft&ny typical circuit solutions in 
the prior art end such decoders as the Y address 
register 41 and the XI address rmgister 40 are well 
known component*, in the prior art, 

Both the X and the ¥ address registers are 

30 coupXad to master deoode module 50 which operates to 
decode data and to generate the X end X addresses for 
such data as is conventionally £nomu 

Coupled to the decode nodule 50 which again nay 
be tL typical microprocessor or another programmed 



WO 93AX3443 F&7U391 

-17- 

davica ie an aroa modulation memory 51. Ehe area 
modulation neoory 51 contains in afc&raga suitable 
digital pattema, audi ai for example the Eax codas aa 
shown in Figure 4-11 witiota will enable ena to produoa 
s a display according to a desired grey baoKground. The 
stored data ax indicated la associated vith 4 bits 
which determine th» darkness or oontant of both the 
background and foreground da pending upon whether on* 
wanta to introdua* the grey in the foreground or to 

10 introduce the grey in the bac&groimd. The area 
modulation ©aaaory contains -fcha patterns as shown in 
tha above-noted f iguras to enable, one to provide 6 or 
mora levels of grey associated vith a particular 
display find according to tha praference ot fch« uaer* 

15 Xt is, of course, indicated that each line of the 
display can ha modulated by maans of the cod* 
contained in memory- Si to thereby product a uniform 
gray or ptfa«r background for the entire diepiay. In a 
■similar inannar, one o&n also modulate each character 

20 block in a different manner or -modulate each Una in a 
different ' aannax or a portion of the display to 
produce various grey formats throughout tha display. 
■Mais oan anabla one to highlight certain rag ions of 
tha display or certain a rags of the displayed text 

25 with respect to tha oth*r area? and aooording to the 
intensity of tha foreground or background* The decode 
modula 50 is also coupled to a character ganacator 52 
vhioh character generator Lm a conventional component, 
The character generator $2 is coupled to a Keyboard 

SO 52. The character generator 52, tha deoedtfr SO and 
th9 keyboard 53 may be part of a conventional computer 
system such a a a PC system* There is another path 
shown in Figure 12, w&eraby there i* a data receiver 
37 which is capable of receiving data from a typical 



telepfrorua lina or othAr transmission, mudiim. Ibis 
data rwraiver xsay b* a oowventional anodem* Th» output 
of tha data r*ealver la coupled to an analog to 
digital converter £6 for transforming tfc« analog 
signals- at tna input to digital signal** at tha output 
tha &Mlag-t»-cIigital * ooorartajr 56*. The- analog-fco- 
digital coixmtu 5e i* «**oeiatred with, a digital 
signal pi* el generator 58 vhidh oparataa In 
conjunction with the siastir decoder 50 to allow ona to 
Sajsfora, area modulation at various pixal sitea as 
Oaaixad,. The output c£ the dacodar 50 is ala© coupled 
to tha X addraaa ragiatar and tha X addraaa regiatar 
40 and 41. Eh* araa T&odulation- memory 51 i» shorn 
couplad to the daoodar 50, but aan of ccursa ba paxt 
of the uiicroprooaaacx msoGxy a ear-tain section 

will be rasarvad for tha dif£arent ana aedulaticn 
feaofegttound oodas» he shown in Figure 12, tha stodula 
dasiga&tttd as gray aoaia aalaot so La- couj?lad to tha 
area modulation ncsmory 5-1- ttha modula so dacodea* tha 
particular gray aoala rsguaat *hich Sate, ftay bo 
fo-rvardad to tha modula £0- by mean* of tha character 
galtaratcr B2 or by &taans of tha daccdar 50. lit tai* 
sannar f tha *y*tam by decoding th& tranaxnittad data 
would automatically datsrmina what gr^y seal* i* to ba 
utilised £or a particular display. Thi» can be 
automatically dona toy nieanz* of auitable dacodaxa or 
cast ba impleaentad at tha prafaranda of tha uaaarv As 
ahovn in Figure 12*, tha character ganarator 72 is alao 
couplad to tha gray scale salaofc Module 60 and a uaar 
while visoring an iaag* aan go ahaad and select tha 
gray acals valua deoirad and according to tha 
preforanaa of tha ui«£c As ona can inuaadiataly 
aaoertain £rom Pigura 12, aarea modulation can ba 
simply iz^lasionted* ona taehniqu* of ifflplaaaenting. tha 



araa modulation is that the decoder or microprocaaiio* 
so cotmbine& the arc* noauiation code as ataxia tn the 
area modulation taemoty with the data sods. For 
exianpLs, if blank is equal to 1 and *ftite 1*. equal to 
0 then an "AND" or "OR" function a an be us«d. In the 
OR function , whenever apixal dcu not contain data, 
the pixel would raoaive the eteafe binary digit 
indicative of the background ood&. Khes* a piK*l dros 
certain data, the output will be a 1 if the data is a 
1. If the data is 0 and tha background is a 1, th& 
output would also be a 1 according to tt& area 
a ovulation pattern aa stored. Thus, the OR function 
provides a full black er dark character with tn« 
selected grey background as stored in the- araa 
ttoduiatitin mewuary 51. !Thus. r the p^tttmi dapiotsd in 
the above-noted Figures 5- LI can ba combined with ha 
data pattern, to- provide AND and OS function* or both: 
as will be further explained* *o present the 
ohas^otars or graphics- with a deairad shade of gray, 
the procedures described above cexi ba ue*d except the 
OK is replaced with an JfflD function i 

In this fitannsr,. both the data and the area 
modulation bit vast be the game in oxdir to produce a 
black spot at the output, if they arc not tha aamer 
th«n th* color of the pi*al retains white. Ac que- can 
see, ana will produce a Oharaotar having a diffeirent 
gray scale which is presented on an eLl white oar in 
the ease of & negative application on an all black 
background . in an inverse video mode - the- function 
usad to obtain a grey background is the and funation 
occurring between the pixel data and the stored area 
modulation pattern. Ta make the. characters* gray in an 
inverse video mod©, on* wool A employ the OR function 
between ar grey background pattern and a pixel data 
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pattern. &e indicated abov* end briefly described, 
either the characters (foreground) ° r background 
of &• display can &*v* gray scale • Both these opt ions 
and the no grey scale option can. fee readily generated 
5 by means of sint&ia combinatorial e^irauite.. 

Seferring to Tigur* 13, no grey «*ale rsguires nc 
gating. The grey background i* accrapliahfid by OR 
gating the character data bit stream urith the grey 
scale pattern bit stream as shown in Figure 13. Thus, 
10 indicated in Figure 13 , there, is *hc#n an OR gate 

70 with on* input designated a* CflfcR repraaantetiv* of 
the character bit stream and the otfrer input 
designated as the grey bit steam, 

As one can ascertain, th* grey bit stream would 
15 be that stream or data which baa been defined in 
conjunction with ?igur«» 5-11. 

Referring- to- Pigure 14 , there is ehown an MD 
gat» TL having one input designated as by CHMl and 
indicative of the chwaofcsr bit stream and th* ether 
20 input receiving the grey bit stream as- again ehovn in 
the above-noted figures, fHie output of idae AND gate 

71 t& dirwoted to the display oar to the display 
driv*re as is the output of gate 70* She grey 
characters are generated by the ahd gate 71 which vill 

25 produce gray character on a constant background , 
■Typically, the oolor of aaeh character can ba 
describad by a number of additional bits *hi€h are 
designated as attribute bit* or an attribute byte* 
Efcie set of bits or byte are normally required for 

30. each character to be displayed. The mnatoer of bytes 
of attribute data could be reduced by means of many 
different schemes which are not* pertinsnt to this 
aspect of the invention K Eor e*ainpl* r an attribute 
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byte with th« following bit interpretations can be 
eauployed for gs&erating; grey seal* display*. 
000 00 000- no iyrey seal© (black oharAoinaxs 
cm white. 

5 00000003, grey background vith blacfe chat alters. 

00000010 grey dharsater* with vhite background- 
It is noted thai in the abovs mxvwplw only 2 
bits, as for example, the first and second bits are 
needed to generated the grey display. Tfta other bits 
10 typically *r« used to specify th« shade of grey 
desired,* For simplicity, a a sum* the desired grey 
shad* has been a elected end will fas usol when- grey is 
required « With thea* aesuxnpti ons and the, exaapl a 
attribute cod* specified above, omy a Biiatple- logic 
16 circuit is required to ganarate the required bit 
str*ain. 

Referring to Figure 13, ther* is shown a logic 
circuit oapable of* generating- an output signal for the 
display taxioH provides a, grey hacfeground or a grey 

20 dh^racter as contra 11 ad fay the attribute bits* A3 
aaan in Figure is, the attribute bits designated as AO 
and &1 define the type e< display. For example , oo i* 
no grey, oi i* « grey background and 10 is a grey 
character* As one can see, the character bit street 

25 is directed to a 3 input AND gate 90 and is also 
directed to a 2 input AND gate 61. Thm grey bit 
stream is dirsotad to one input of. an OR gate 82 and 
to one input of tb* &OT gate 81. 

in- this manner, as one can ascertain , the 

30 attribute bits which, are. AO and ftl are applied' to 
inverters 83 and 84 < Thff output of Inverter S3 is 
directed to on* input of and gat* B0 and one input of 
AND gate SB. The output of inverter 84 is applied to 
one input of AND gate $'0 and to one input of ANT gats 



86. Eh* output of OR gate 82 is coupled to one input 
Of and gate 86 whil* the output of AND gat* Si is 
coi&iad to input cf WTO gate As seen,, the &HD 

gates $B and 86- also receive the attribute bits Hhicfc 
are tli© uninverted bits. The outputs of the three AMD 
gate* 85, fie and *0 ax* coupled to thtee inputs of an 
output or gate &?, which euppLia* tha output display 
bit strrom* For th* combination o£ attribute bit*/ 
the bit xteeasae arm suitably airsotad through 
appropriate sates to provide a gray background with & 
blank character, to provide no grey* or to provide a 
gr«y character on & light baekground. Sha logic 
ii^Ismanted by the odtrouit should ba mil understood 
by those skilled in the art. 

Referring to Figure itf, th*r« ia shown a iogie 
arranguuant which basad cn the- attribute bit table 
shown will profluos either no g»y/ a grey background,- 
a grey character, gr*y background of a given intensity 
or a. grey background of another intensity specified as 
grey No* 2* Thus-/ as seen in th* Figur* iSi the 
attribute bits Ai and AO can combine to produce no 
greyr el 4^ey 1 background with block characters, grey 
Jffo. 2 vith a White ba«»ground f grey No. 1 background 
with grey No, a characters. Thus, the logie circuit 
ahowa in Figure K defines a simplified logie circuit 
tfxidi is predicated on uaing: aither a grey pattern of 
a first intsnaity for the background end another gray 
pattern of a fliffsrsat intensity for the foroground 
and so on* £Jim* era indicated &s a grey Ho- 1 
pattern and a gr*y No. 2 pattern. Both th**a 
satteme ere typical of those patters r for axample, 
shown in ?±gurss 5-11 as described .above. Again the 
character bit stream is insar^ed into ths circuit with 
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tho attribttta bite AS a*vd Al having binary 
characteristic* depicted irj tfaa table of Figu*a 1$* 

In & similar nanaer, tto* oixnuit of 7igur* is baa 
four output ftJTO gates daaignatad as so, si, 92 and 93 
S with gat* 90 beinjf a no g*ey garbs, gat* 91 producing 
the grey l output as a background, gata 92 producing 
the gray 2 character and gat* 93 enabling on* to 
provide a ?r*y 1 background atid a grey 2 oha^aot*r< A 
description of each of th» individual gates in the 
10 uninverted sstata as for example, gata 93 roceiva* thar 
kl uninvertad a* does gat* 02 r while gat** 31 and. 90 
raoaive tha X.1 inverted signal. one can iitiaadiataly 
aaoafrtain the- oparatian of the abova-dessribad circuit 
by referring Figure 16. 
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L, ^ppuratu* for- providing gray seal* 
capability tor an alectrophoretio infoxnatioi* display 
(BPZBV , wharain said alaobrogboratia display i* an 
addpaEaabl*. display with aach X-Y co«dinab* 

5 indicative o£ & givan oaluffln and row intarMntima, 
with eaoh ac-¥ coordinate defining a pixel, whioh pixel 
when eaergizad parotids* & different intensity diaplay 
a* compared to a iion-*nargi$*d pixal conprisizngr: 

mui coupled to said display for impressing 

10 upon, a&ld display a pradatarminad digital pattam to 
caw* pradatarminad pixal* in said display to fca 
energised vfitK rupiot to otSiar pixala in aaid display 
in aeoordanca vritla a daairad grey ecala- iswal* 

2. Mi* apparatus according- to Clain 1. wharain 
oa£d pixel vhsa sMtsrisad causes a 0ar3c iatsnsity to 
fe* displayad as ooanparad to a lighter iintanaity when 
sot energised with jE&id darfcsr intensity corresponding 

5. to- a blaoJt level and with said ligfrbcr intensity 
corresponding to. a fthite level. 

5. The apparatus aooordin? to- Claim 1, wharain 
raid digital pattern is ijnprsssad on a aid display by 
□nans of AND logio means to c&un oharaatara as 
wrifcfcan an aaid display to axhifeit laid gray scale 
5 lerval with rup«ot to the fcackgrcund cf said display. 

4. Th£ apparatue according* to Claim 1, vhereia 
said digital patfcam la injpraased on said display by 
z&sana <y£. OR logic means to oaua* araid background to 
exhibit caid qttmy seal© level with, rsspaot to 
5 characters on said display. 
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5, Th* apparatus according to Claim 1, wherein 
said neana further includes logic raft an* oparative to 
a&us* botfc characters written into said display and 
a aid background of said di spley to be enor ff i s ed 
3 according to said digital pattern and in aoeoxdano* 
vitb said desired gray 4cal& leval* 

€. TOie apparatus according to Claim 1, further 
including- memory neara for storing therein a plurality 
of digital patterns each one indicative of a different 
deeirad gr*y scale level, and 
5 mean? coupled to said memory means far 

selecting any desired one of eald storad digital 
pattern* for application no said display, 

7. rj» apparatus according to Claim 5, therein 
said elaetrophoretic display is a high resolution 
display* 

ft.. A aiethcd of providing grey acala capability 
for an alsotrqpfcoretic information display (epid} of 
th» typa employing pixel selection, comprising the 
steps of; 

5 itorin? a plurality of digital pattern* with 

aaoh stored pattern oapafala when applied to an 
slactrophoretio display to cause prsdat^rncined 
ealaatad pixel a in said display to be energised with 
respect to other pixel* in eaid display in accordance 

10 With a desired grey scale level, and 

eel acting a stored pattern for application 
to said display to causa said display to exhibit said, 
grey scale level. 
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&. The »ethod according to Claim 0, wb»rfcin 
mid energised pixels a» background pixel* to provide 
a grey background with raspaot to* a different 
intensity character. 

10* Tint: aitfthod according to Claim *, wherein 
said energised pixels are character pixels to provide 
a grey cha»atmr with raepeob to a different intensity 
background* 

11, Th* fitted according to Claim 10, wherein 
said different intensity banfegrouraJ ia- indicative* of 
'whites* 

12, "Hxe method according to claim ID* wherein 
aaid stored digital pattern? axe at least six pattern* 
indicative e± eix different grey scale levels- 

X3* fche method according to Claim X0 7 further 
including tha step of « casing said selected pattern 
vith a phaTOotai; pattern prior to applying said 
character pattern to said display to display s. given 
5 " intensity character on a background of eaid eel acted 
grey scale level. 

14. She snethod according to- Claim- 10, further 
including the- step of <'AND'-ing said selected pattern 
vith a character pattern prior to- applying said 
cbarajpter pattern to said display to- display a given 
5 intensity b*e3cgrwund having- a. character impressed 

thazecn of eaid selected' grey scale level. 
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p<w 10 im«OTi?nd. in? annttpfe »r mtatr tflidwljuns' 
innMi&n 

dooumenk ef pamtul|< ^l^ana&: the ♦Jaimt^ invontiarS 
tinuM dnreidercU nqisl er UftAPl 04 CdP9id#r»d lo 
involve in mwntWft flWS 

tfaaunsni qi flitter tornansoi Ihc gldlenco mmiioa 



cinriH fro QaniidvisdlB ewfliif5 invetiiie «(£»nti«n ihe 
BowtnenL is ttaeuctf mm 91 mc* * finer weft do?u- 
mrntx *uch CWrt&iniiWfl raid awrnus to a poison afalfed 



BOWtnenL is 
mrntx 
in l^o 4r1, 

dOUFfrtem mbmbnr uF Itu $gm« patent fflmifo 
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Qai» d tattina of cais latecnaiionoj fiBirrt RBserl 
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